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Abstract
We report the genomic characterization of a rare human G8P[14] rotavirus strain, identified in a 
stool sample from Guatemala (GTM) during routine rotavirus surveillance. This strain was 
designated as RV A/Human-wt/GTM/2009726790/2009/G8P[14], with a genomic constellation of 
G8-P[14]-I2-R2-C2-M2-A13-N2-T6-E2-H3. The VP4 gene occupied lineage VII within the P[14] 
genotype. Phylogenetic analysis of each genome segment revealed close relatedness to several 
zoonotic simian, guanaco and bovine strains. Our findings suggest that strain RVA/Human-
wt/GTM/2009726790/2009/G8P[14] is an example of a direct zoonotic transmission event. The 
results of this study reinforce the potential role of interspecies transmission and reassortment in 
generating novel and rare rotavirus strains which infect humans.
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Group A rotavirus (RVA), a member of the Reoviridae family, is the major etiologic agent of 
severe, acute dehydrating diarrhea in young children and a wide variety of domestic animals 
(Estes and Kapikian, 2007). The RVA genome is composed of 11 double stranded RNA 
segments encoding six structural (VP1–VP4, VP6 and VP7) and five or six non-structural 
proteins (NSP1–NSP5/6). The segmented nature of the RVA genome permits reassortment 
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events in which novel RVA strains are produced with new combinations of genome segments 
derived from parental virus strains (Estes and Kapikian, 2007). New strains regularly emerge 
as a result of genomic reassortment among co-circulating RVAs. Animal RVAs are regarded 
as a potential reservoir for genetic exchange with human RVAs and can infect humans, either 
by direct transmission of the virus or by contributing genes to reassortants (Muller and 
Johne, 2007). Reassortment and interspecies transmission events contribute significantly to 
RVA genetic diversity (Matthijnssens et al., 2011). A number of strains with unusual G and 
P types, regarded as animal-like strains, have been sporadically identified in humans in 
different parts of world (Gentsch et al., 2005; Santos and Hoshino, 2005).
Recently, more P[14] strains have been associated with gastroenteritis in humans and most 
of the reported P[14] strains have the Genogroup 2 gene constellation (Banyai et al., 2009; 
Banyai et al., 2010; Cowley et al., 2013; Donato et al., 2014; El Sherif et al., 2011; Ghosh et 
al., 2007; Matthijnssens et al., 2009; Medici et al., 2008; Mullick et al., 2013). Human P[14] 
strains have common origins with those of the even-toed ungulates belonging to the 
mammalian order Artiodactyla (Matthijnssens et al., 2009). Within P[14] strain genes, 7 
lineages have been identified with human strains identified in all of them (Tam et al., 2014). 
Lineages I, III, IV and VII contain G6, G8 and G10 strains from bovines, guanacos, sheep 
and other ungulates. Animal RVA G8P[14] strains have been identified in Japan and India 
(bovine), Spain (ovine), and Argentina (guanaco) (Matthijnssens et al., 2009; Chitambar et 
al., 2011; Fukai et al., 2004; Ciarlet et al., 2008). RVA G8P[14] strains have been identified 
in human infections from Egypt, Italy, Belgium, Australia, Hungary, India, Denmark and 
Taiwan (Holmes et al., 1999; Medici et al., 2008; Matthijnssens et al., 2009; Chitambar et 
al., 2011; Swiatek et al., 2010; Banyai et al., 2010; Chitambar et al., 2011; Midgley et al., 
2014; Midgley et al., 2012; Wu et al., 2012). The VP8* region of the P[14] VP4 protein has 
been shown to interact with type A histo blood group antigens of humans (Hu et al., 2012; 
Liu et al., 2012) as well as bovine and porcine mucins (Liu et al., 2012) and this is thought 
to play a role in cross-species transmission of P[14] RVAs.
RVA G8P[14] strains have not been reported in Latin America previously, thus it was of 
interest to us to characterize a G8P[14] rotavirus strain detected in Guatemala. Here we 
report the full genome sequence and phylogenetic analysis of RVA strain RVA/H uman-
wt/GTM/2009726790/2009/G8P[14], detected in a stool sample from Guatemala.
The stool sample was collected in 2008 from Guatemala, Santa Rosa as part of the facility 
based Rotavirus Strain Surveillance system in collaboration with the International Emerging 
Infections Program (IEIP), the Ministry of Public Health and Welfare and the Universidad 
del Valle de Guatemala. The sample was submitted to the Centers for Disease Control and 
Prevention (CDC) for rotavirus strain genotyping. The sample was from a 52 year old 
female with diarrhea for 2 days (5 episodes/day). RNA was extracted from the sample using 
the MagMax 96 Viral RNA Isolation kit (Applied Biosystems, Inc., Foster City, CA) on an 
automated KingFisher extraction system (Thermo Scientific, Waltham MA), or the MagNA 
pure compact RNA extraction kit on the MagNA pure compact instrument (Roche Applied 
Science, Indianapolis, IN) following manufacturer’s instructions. The extracted RNA was 
denatured at 95 °C for 5 min and RT-PCR was performed using the Qiagen OneStep RT-
PCR kit (Qiagen, Inc., Valencia, CA) as described previously (Hull et al., 2011). Each 
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rotavirus gene segment was amplified using previously published RVA specific consensus 
primers (Gouvea et al., 1990; Gentsch et al., 1992; Gomara et al., 2000). Additional primers 
were designed using published consensus sequences for genes which failed to generate a 
complete open reading frame (ORF). Oligonucleotides were designed in the consensus 
region of 5′ and 3′ ends with M13 and SP6 tails, respectively, for all eleven RVA genes to 
obtain the end sequences of the ORFs. (Mijatovic et al., manuscript in preparation). PCR 
reactions were analyzed by electrophoresis on 1% agarose gels as described previously (Hull 
et al., 2011). Specific PCR amplicons were excised from agarose gels and purified using the 
QIAquick Gel extraction kit (Qiagen, Inc., Valencia, CA) according to the manufacturer’s 
protocol. Cycle sequencing of each amplicon was performed with the same consensus 
primers used for RT-PCR, or M13 and SP6 tail sequences using Big Dye Terminator 3.1 
Cycle Sequencing kit (Life technologies, Inc. Foster City, CA). Cycle sequencing products 
were purified using BioMag® carboxyl beads (Mijatovic-Rustempasic et al., 2012). 
Sequencing of cycle sequenced products was performed on an ABI Prism 3130XL Genetic 
Analyzer using 3130 POP-7 (Life technologies, Foster City, CA).
Sequence chromatogram files were edited and sequence contigs were assembled using 
Sequencher 5.0 software (Gene Codes Corporation, Inc., Ann Arbor, MI). Nucleotide 
similarity searches were performed using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to 
query the GenBank sequence database. The genotypes of each of the 11 genome segments 
were determined using the RotaC online classification tool (http://rotaCregatools.be/) (Maes 
et al., 2009). For phylogenetic analysis, nucleotide sequences of related strains for each gene 
were retrieved from GenBank and aligned using the MUSCLE program within MEGA 
version 5 software (http://www.megasoftware.net/). Once aligned, the JModelTest 2 program 
(Posada, 2008) was used to identify the optimal evolutionary model that best fitted the 
sequence datasets. Using optimal models identified by the corrected Akaike Information 
Criterion (AICc), maximum likelihood trees were constructed using PhyML 3.0 with aLRT 
statistics computed for branch support (Guindon et al., 2010). Nucleotide distance matrices 
were prepared using the p-distance algorithm of MEGA version 5 software.
The complete ORFs for all eleven genes of RVA/Human-wt/GT M/2009726790/2009/
G8P[14] strain with the exception of 39 bases at the 5′ end of the VP7 ORF and 29 bases at 
the 3′ end of the VP4 ORF were sequenced and deposited into GenBank under accession 
numbers KP006506 to KP006516. Nucleotide identity of strain RVA/Human-wt/GTM/
2009726790/2009/G8P[14] compared to strains available in the GenBank indicated that all 
eleven genes were closely related (95–98.1%) to animal strains (Table 1) including simian 
(NSP2), guanaco (NSP5 and VP7) and bovine (NSP1, NSP3 and NSP4, VP1, VP2, VP3, 
VP4 and VP6, genes).
The VP4 gene of RVA/Human-wt/GTM/2009726790/2009/G8 P[14] strain was 97.8% 
identical to a bovine G15P[14] strain (Tottori) (Masuda et al., 2014), 86–96.1% identical to 
bovine G8P[14] strains and 83.7–87.5% identical to human G8P[14] strains. Strain RVA/
Human-wt/GTM/2009726790/2009/G8P[14] VP4 gene occupies lineage VII shared with 
Tottori-G15P[14] and Sun9-G8P[14] strains from Japan (Fig. 1A). The VP7 gene of RVA/
Human-wt/GTM/2009726790/2009/G8P[14] strain was closely related (93.6–96.5%) to 
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bovine G8P[14] strain and 84.1–95.8% identical to VP7 genes of human G8P[14] strains 
(Fig. 1B).
Full genome characterization of two animal G8P[14] strains, Arg/Chubut with genomic 
constellation G8-P[14]-I2-R5-C2-M2-A11-N2-T6-E12-H3 and OVR 762 with G8-P[14]-I2-
R2-C2-M2-A11-N2-T6-E2-H3 have been reported (Matthijnssens et al., 2009). Eight 
genotypes (N2, T6, H3, C2, M2, P[14], I2 and G8) of the RVA/Human-wt/GTM/
2009726790/2009/G8P[14] strain were the same as those in both the Arg/Chubut and OVR 
762 strains. Eight out of eleven genes (NSP2, NSP3, NSP4, NSP5, VP1, VP2, VP3 and 
VP6) of RVA/Human-wt/GTM/2009726790/2009/G8P[14] strain also exhibited close 
identity (92.2–97.4%) with the WC3-derived genes of the RotaTeq® vaccine strain (Table 1).
Phylogenetic analysis of all eleven genes of RVA/Human-wt/G TM/2009726790/2009/
G8P[14] showed that the VP7, VP1, VP6, NSP1, NSP2, NSP4 and NSP5 (Fig. 1B, C, F–H, 
J, and K, respectively) genes had more than one predominant host strain (human, bovine, 
simian, porcine, rhesus or guanaco) in their respective lineages. Bovines were the 
predominant hosts for strains in the phylogenetic lineages for the VP4, VP2, VP3 and NSP3 
(Fig. 1A, D, E and I, respectively) genes.
Full genome classification of RVA/Human-wt/GT M/2009726790/2009/G8P[14] strain was 
G8-P[14]-I2-R2-C2-M2-A13-N2-T6-E2-H3 (Table 1). Full genome characterization of only 
one human G8P[14] strain has been reported in the literature to date (Banyai et al., 2010). 
The RVA/Human-wt/GT M/2009726790/2009/G8P[14] strain was 83.3–94.6% identical to 
all the genes except NSP1 gene with only 71.9% similarity to the published Hungarian 
G8P[14] strain which has a genomic constellation of G8-P[14]-I2-R2-C2-M2-A11-N2-T6-
E2-H3. The NSP1 gene of RVA/Human-wt/GTM/2009726790/2009/G8P[14] was 94.9% 
identical to a Japanese bovine G24P[33] strain Dai-10 (Fig. 1G) exhibiting the A13 
genotype for NSP1 gene (Abe et al., 2011). Predominantly, the A13 genotype for the NSP1 
gene is found in bovine strains with an exception of a G6P[11] human strain (SI-R56) from a 
Slovenian patient (Steyer et al., 2013).
This report describes the characterization of RVA/Human-wt/G TM/2009726790/2009/
G8P[14] strain isolated in Guatemala. With multiple hosts identified for G8P[14] strains in 
animals, including bovine, guanocos and sheep (Ciarlet et al., 2008; Fukai et al., 2004; 
Ghosh et al., 2007; Parreno et al., 2004), elucidating the original source of G8P[14] strains is 
complex and likely involves multiple animal-animal transmission and reassortment events. 
The genomic constellation of RVA/Human-wt/GT M/2009726790/2009/G8P[14] strain was 
closely related to two animal G8P[14] strains, suggesting one or more reassortment events 
followed by interspecies transmission of the G8P[14] strain from an animal to a human.
In conclusion, this is the first report of a G8P[14] RVA strain detected in Guatemala, Latin 
America. Also this is the first report of a G8P[14] strain with a genomic constellation of G8-
P[14]-I2-R2-C2-M2-A13-N2-T6-E2-H3 and this strain occupied lineage VII within the 
P[14] genotype. Close similarity of eight genes of RVA/ Human-wt/GTM/
2009726790/2009/G8P[14] strain with RotaTeq® vaccine strain genes suggests that 
RotaTeq® vaccine would be highly effective against this genotype. Future RVA surveillance 
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is required to monitor for unusual animal-like RVA strains and to determine whether 
vaccine-induced immunity would provide protection against interspecies transmission of 
strains.
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Fig. 1. 
Phylogenetic trees based on nucleotide sequences of complete open reading frames of 1A-
VP4, 1B-VP7, 1C-VP1, 1D-VP2, 1E-VP3, 1F-VP6, 1G-NSP1, 1H-NSP2, 1I-NSP3, 1J-
NSP4 and 1K-NSP5 rotavirus genes. The maximum likelihood trees were constructed using 
PhyML 3.0 with best model identified by J ModelTest2 program for each gene (NSP1-GTR 
+ 1 + G; NSP2-TIM2 + I; NSP3-TIM2 + I; NSP4-TPM2uf + G; NSP5-HKY + G; VP1-
TIM2 + I; VP2-GTR + I; VP3-TIM1 + I; VP4-GTR + G; VP6-TrN + G; VP7-TVM + G). 
The GenBank accession numbers, strain names and G and P-type associations are shown 
where available.
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